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(54) IMMERSION ALIGNER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an immersion 
aligner which does not cause the deterioration of its 
image forming performance. 

SOLUTION: An immersion aligner which is provided with 
a projection optical system PL which transfers a pattern 
Pa drawn on a reticle R to the surface of a wafer W and 
print-transfers the pattern Pa, and in which at least part 
of the working distance L between the lens surface Pe 
of the optical system PL closest to the wafer W and the 
wafer W, is Filled up with a liquid LQ which transmits 
exposing light IL is constituted so that the working 
distance L may meet a relation, L<A/(0.3 x 
&verbar;N&verbar;) (where, A, and N (1/° C) respectively 
represent the wavelength of the light IL and the 
temperature coefficient of the refractive index of the 
liquid IQ). In addition, the liquid LQ is prepared by adding 
an additive which reduces the surface tension of pure 
water or increases the interface activity of the pure 
water to the pure water. 
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S*vCV^*j&»&. ArFi^f-/7U- "fSrttofc^t 
ft&3ft£*^ftiSiR£MAF, ai M:. A/3 0=5:U 
U4A/50—A/1 0 0S««6. 4 33rV^U43. 
8 6—1. 93nmfcjgK>&#U S£L<<4A/10 0 
(01. 9 3nmJaTt3tft^*i4. fci*"C35«4:*0 
0T:»cfct*64HBH£8M«i. ££vT"0 .0241 W/m 
Kk&O, *T0. 5 6 lW/mKt^O, *02r**f?fe 

( 3 ) tc* Lfc± -5 a?yxL*!10 
mmiKt^. i&K^ftSAT#<0 . 0 l'C X'hitz 

[0036] *£TUlh«0JMtt»fcs i*&£ffiJK3i*A 

F„,*#*tfcawa6fldiATi:»7-#^-7*-(X^ 

yXLkOBB^ti. 

AF aal = A/30SL • | N, I - AT 

*rv*Ltt. 

AF aa , = A/l OO^L ■ I N, I - AT 

tsr*. ££-c. «^$tti.iae^-ffc*AT^o. 01 

*C. ifcKAfc 1 9 3 nnu * LT«E#LQ<OJgtfr3f5SMfc 
*N,Sr-8X10- 5 /Cfc-r-Si:. d£gk Sft.f.V- 
^y/T 4 *?y* <SSffcJl<0Jf30 Lii. 8mm^irV-> 
U42. 4mm£lTfc&*. M*L<M:, **)7-*y 

t2mmJ:>)t)'h§< UWj*M:V\ KLhOJ: 3 t£*& 
Sfc#J<9 <fc a i fc le J: 0 . fctt L Q^iaK^Jffli 



a*T>r&k£S. 

[0037] 

[®2<7)SIJfeCT<0|ftHa] *JK8W»2<^Ot«fc 

?x^W*«a»*tf>«{|cL QtfflR «3 »V v&8i k $r^-f. 
«!o-C. 04t:t3^T5t^@l . 3*coS?^k|H]ttco 
WiH— WHfl-fc-oJtT**. ST.. H4tciiV>-C^ 
^f- //WWHcO^SSClcR^IHgPk LXMf&Ztitz 

v^wimmzim&cofmmi 1 3agej£$ix-o* 
*Lxn&w^'\im.&?>mmzi±. >r*lq^ 

{fctefc8EaJ03V^»5 l#^^j££*U ^co«5 
1 <0-mi*. 7— y;UWHf*itc:m$it/iilSS5 2 £:f|- 

A, 5 0B#iI#>)A£*l, *y^X-/^WH±COjS^ 
SrftS (US L<l4?£!fc^5r) (CtiaK-fe^-S 5# 

m<)m?t>tix. mftL>Q<vi8jg.i>mmzmiiii*ix2,. 

-etTzaSPS«5 0A, 50B14. aS-fe>-9--55 

iz x -o xm&zttz>m#L Qwjas^gffit^s x 3 

©IffilS6 0^J:-5T$i]ffll$m>. 
[0038]-*. 7-5 314. ^OSi.^'^6 2 

^ lt . ?R*tt»&^-- h 6 4 k y y e e izm 

VfltrttWBS LX , WOkim?-- •/ h 6 4 *> h<7)W& l 
Q^^M7°5 3(C«^6g5E3S*V ^75 3K« 
«sLQ€rPffi^>-7-6 6 5r^tT«^- / h6 4^M 

•r«w*»* flj o mt h x o izmft-th . * *:tfe&x- -x 

5rfR^#g=Sr'Jif-7'^y^ (^0*) k, Cieo^y^ 

StaSs6 4 B k^'Sft^ixT^S . $ fetcULhOflMte 
i5V-»-C, A;l^y6 2. ^y7"6 4A, iaPH6 4B. 
ai^>-7-6 60#lSf^{i. ^JtWS6 0CJ:-5T^W^ 

[0039] Z<?>Xo%ffi&U,Zi5\,^X. VXJSW 

#*J]sy7--7'Jl'VfHcr)ffl&M±lzWmZtL, 

2tit:Vmx'im<o®imw l l 3 ±tc«®$ix 
Lk. ®3(^L^K^©*fflc0lSl : l 1 2£:rt-LT« 
ffiI^$*t-?>. i<0BB. iaJSIBSS50A, 50Bli, 

<?>K3E«»3&^rr-*-4 k , •TO9#;i/U'76 2^i?a- 

xtas*^«i&j.- vh64 wizw *)W±> 0 . iagps 

ZKt:WitoLQtf*yy°6 4 AcotmizX-oX . *MT 
5 3, J1K5 2. ft 5 U^tt*;^f-/MH^ 
SasLBcort^c-Sfi^'ttaASixT, {JJOWi^ 
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^6 2*^a-XfiSlcM«>. Z<7>&. ^x^WtJff 

1, AM75 3 Srtf LTtt^J-- y h 6 4 O U If-?** 
So'V *T > ftW^iFmffiX'Z h t TiSPH 6 4 B £ 

ct x nmz&sm m $ *u> . 

[0040] Z<ni o tz*mtmtz£titt . $it^*4> 

A, 5 0BKJ;oT&gf6W£*U ^xyN^c^ifi^ii 
?S*LQSr«^a---y h 6 4 rtfc0lRL-Cfi£«I«l-r£ 
J: d K Lfc<DT\ V^3mtf-*£tf>X'-*imiz%& 1 k 

Mi&mizfti.xmfr (mtifo. 5x:n&) i,zm%->x 
m^tzMziffi&jm<t&.fz.i&mzimLn&frt>. as 

[0 04 1] 

[S3^HJfi«?!Ic75KBfl] ^m30H*fe^JtOV>TH5 
&#raLT^-f^. 05Ji7tOH3O«^$-c!Jl^L.^ 
*7kT-r-://uwH<Dgp#BlTffi3:^U icoHSSW?)* 
/W^x— T'/VWHti. -7X/NW£ffcf#-r£>'7Xy\f-A' y 
? 9 0 fc. 7*- #x ■ K'J y^<9fctf>c7>Z;fj-[4ij^Ki 
t h^lSSrfr 5 Z 2 k KS'Jivtfc 0 . 

ZLXf-i''8 2it:'?IAf+ 7?9 0*5tt$flt 
V>&. fUZLXf-y'8 2ii. 3o?)ZT:7^-iX 
-7 3 2 A, 32C ( 3 2BtiM) fctfLT* XYX 
7 L -^*3 4±£l£(t£>;h.&. -ebtf-r>y7 9 0tc{±. 
HI. 3. 4fcH81C. M3SLB. fflfHjTl^-hgBHR 

as«»^>s«i 12, fg#LQ^^, sraffl 

«aM75 3 <MAmk) fc:«*£$ix&»f85 3A. 5 
3B*«-?-tt'fix^$ixTV^„ 3«fU 51885 3 Ali: 
^x^f-v -y 7 9 0 ^cOMffijrW- t-gBH R SfOjgffl 
SfrJHC-P&A^TfcO. aS&5 3Bti^X/sf-r-y7 9 
0 rti^^x^ >»^<0« i> i&K ^mzHctf-o X \ * 
h . Z<7)£o fc^x; y 7 9 0 ^WkdrmzmW 

mta. 8LKm<m&*mjRvxi}<b. mftco&Ljjx 
[00423 s Mzxmmmx'ii. f+v^9 o«o4>* 

mz3l ( 2-OtfO^EhS) <7)mil?L9 1 #Jg|£?*U «I 
<oail?L9 1 £>I-?T_LTiW-|> 3-p ( 2of)ftii) 

izmihtix^h. z<7>±Twmmm8 5a, xyx 

x-^*3 4«Cll^$m>. ^^30cr)-fe>7-r-y7* 
tfy8 3ll '/XA^t;ft7?9 o±co^x/nw 



-v v ? 9 0 ^ma®^K2"35«$tUt^T'«i. 0 5 K 

^-.k 3 t^v^-Ty rey8 3<05fci$ffit4. 

[0043] *«fcmtt6»*-4«*l':'X*P 
L£05fe«gi5tc:<i, -9-y^fgS8 0c03t^3t(l!iAXi:Sa: 

tf^XftffiCDUyXmTLE 1 (f Ql/VX) MftL 

"Cii. i^WWC GcOTffik >7xyNWc03tnSk com 

^J6«fiJk|5|«^2iTimJ^TCIS^§ii«.. ^Jfcl^flWiJ 

iHSi8 0c7)^tc{ig^x*>*3E«s^rv^ o 

[0 044 ] Z<7)&0 IZimv yXJkP LtftffcJftcW 
Tt>, §gt7-^fy/f-f^^>'XL^l-2mmg 

tf$mx-*h. ttz. ¥?r¥-wicGMmiix'm-f&z 
k tfx'% %frti. Gomnn— uft*%L&<r> 

mtcn i mmcr>*-y-vmm'?$> z 1 1 i o , 

5fe«C0P>'X^S:»Sf*:*^^-r«.^k LT^tg 
k . f-'-r x h->- 3 y|&E1Rk LT^tlk ^Sftfeflli. 
iifctftj. 4*J. SiJ^E^^WfW^CGS: 
-&^>T Sl^ P L (TJ^ttt&i^E? fLT V » •& <0 

[0045] 

46-C'h$ < LKmzft^&zmzmzmyt&itz&miK 

J^c7)'>xn5^tcra-fi»tWT'^&. 06tCJ3ViT. 
fS»l-yX^PL(7)^<§iOT«SS«4> HllciSUl/ 
— f^mt 3 3 *>A>c7)#Btffl t'-AB S r ^SttTSff 

TViS. ^-LTU-1f^ff-3 3*^C0SI«fflt'-AB 
Smli, ^cCOllStC^L^ia^ZLXf— x'8 2 0S 

tf-'^ff 3 3 0 . #S^fflt'-A B S r <r>R 

stt-A t r»t-c9miM RwcoKWffiojssea. 

Xi>. ZLXf-y'8 2li3-9i0Z7^fiX-^3 2 
A. 3 2 B (3 2C(±«S&) ^LTXY^f-i''34 
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^TV^S. fcfc'U ZLXf-y'8 2tl ^OJUfflcO 
3*0r-flR/'«*8 4A. 84 B (84C{i^B&) fctf-l. 

4 tmiiZtl, XYXf-y'3 4l:S 
-f&yk^fi (XYIi*l) OJHttaWBbT^iKSrfcJ: 

[0 04 6 3 ZlX*m&mX'i>. 5feCD05 tlPlfilcT)^ 
xyvf-v •y^9 0^ZLaf-i''8 2_B:J£tt£>iX€> 

l25fcS^S^±. *yxyN?-^y;?9 0£«iScOZ 
3fr|6K0lg»mra8 8A, saBfci-aTJtlRWfc*:** 
Xhn-? ( 1 0 — 1 5mmgl) T'Z 2 

ig»««88A. 88BJi. -K!)^ 
WZT;faX-^3 2A, B. CfcM^rO. ^X 
y vf* ? 9 0 £ h n— ? comffifflX'ftmZ 

tT06<OJ: o OxyNf-r y ^ 9 0*sftt±#L^ 
©t'{±, ^xyNW^a^Wl/^X^PLcO^O^ 
^m^cnmfrL* 1 ~-2mmggi::lfc£$*l. 
•y 7 b y 8 3 cOJfeffiBti^xy Nf-^r 7^90 tf^xy 
SSJ; 1 ) t>^.-f*HCT®l (2-3mmSg) ICT^T 

[0047] JJLhcOJ: o=5r8tjrt\ 06 ti->xyswtc*f 

^^••/^9 0±<50?a#:LQ$r-B#6<5tc:^tU-ri>. *0 

^xysf-A- y ? 9 O^S£lK«#jl?Ks$fl.?> i: . m 
«J&«8 8A, 8 8Bi£«St-OxAft7?9 0 

^x./\wit3^<r>^y^—r -yy^ys 3<7y$fe4S§ffl±fc 
gftHgi. htih 1 1 ifc, ^xy^-v >y 7 9 Ojf 2Lc7>g 
SB L B <0±4SSffi#£f£l' P Ltf05fe«ffi ( 12 3 
li^yXfU^LE lOTffiP e . HS+TfcH^fTSC 
GOTS) X*)l>{&<%Z>£ol l Z{iLWm)bZtL&. *<n 
ttitXYXf-y'3 4 5-»>xy^«{2i:tT^«j$-fr 
6fc. ^xyNW{iS^l/VX^PLcoiST*^?l#.a5$ 

-^9 5t±, •/XAf+.y7 9 0OllgKLB<?)±ffl® J; 
9lii«<. ao-ty^-777 , ty8 3±^'/XAWj; 

cOTraicAOJitf. -£fx^T-2>.9 0lj:^xy\W£± 

yD-KfirS^lfijftT^xyNWSrJS^-tS. -/Xawo 

[0 04 8] tzhxmei,zmLfzi.oi l z. u— 

ft3 3#>'#^b'-ABS r£^l^yX^PLcO#B&$ 
7 -ML«$a«- l>J: #gSb'-A B S 



BSr<7^BKS^r£^££;:fc##i.^*i6. 
T*|llififi?lJrti, #H&b'-AB S r<0#S&i:fSflsLQi: 

ftSt^SK LT#!lb'-AB S r c03fc§&T$6±-t&S<? 
[ 0 0 4 9 ] # A-«8 7 <9±S5£|g Ktt, #SB 

m-tyjmiz^&mm^ti^m^^^M, tx i> i 

L Q(c«* Wt ft*. £ £ * Kit-T 6*St£i> <■*. & 

T'£6. m^rS^yN*-«8 7^i.T. #eRt*- 
ABSr <n%$&3zW £ aUUTCff 3 fitfifct LXtiW 

[00 50] 

7(a), ( b ) zmmLxwrnth . *sot«fijfeo 

0 1 ic* LtoftWf-^WH Wttitfc - 0 5 £^ L 
fc-feV^-T-yTHai (Ky83. ZIEtta58 5) 
-^i>-ti:3t fc OX'fo *) . ^xy N3^5rfS*tc-f i» J: o 

(B) Ji^-eOBHASfUiTh^T— X/UWH^ffi^ 

07 (A) {i®7 (B) *<07A^<7)BrB2:* 
•T. -?-coll7 (A) , (B) Jfc/V*' 
T--X/UWH{±. XYX7 i ->''3 4±lC3'30Zr^f' 
a x-^3 2A, 3 2C (3 2B(i*^) $r^LT«» 

9 ltfmft>tlX^&. Cl<0Kil?L9 ltll IEE1SSS8 
5 ic J; r»T ±T«rr ■& ty?-777b-y8 3 im& . 
[005 1 ] jttcfclttiBUfcidt^ ai^u-yx^PL 

S (»>xy\W) c7)^ffiA^2mmSSUA«fL-CO^r 

LBcO±SgJiS»l^yX^P L£0ST«ffiJ: *) 
i^T. ^xyN^OTttotc^-coiiXY^T— >-'3 4 
Sr^W$-li:T^l-- VX5K P LcDiTF*^ ^xyNSr^l # 

&-r£oizm&Ltzm'&. mmru- hgsHRso-^ 

^rO. «*LQj&»aA$*t&jj5>V^-^WHtfl)|«MS 

[0052H; T*HSfi^JT»i . El 7 C^-f «fc 0 lz* 
/U^x-X/I-WHCOS^LBCO— gPSr^O^V^T. 
trafflgft^^HTgBDBSr^ttTt. 
DBIi, ?g#:LQ*«aA$itTV^ fati^ll 7 

(A) , (B) oi-3fcB»LB<0W9X*»*M*tt 

SM$fL-l.t. 07 (A) tpcoW&coX o lzm< i o t,z 
^■oTV^. -?-£Ot8ES5KTgBDBI±, BSV^^JBTJiffl 
my V- MSH R so«ffi<oi^$ J: 0 t^ z F«< =5:^ «t 
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[0053] JSLhOJ: oKm&lz&^T . ^vy^j—f 
;l^WH±c7)^x^£»rfti§-£U:. i-WkP-r— 7 
^WH|*]cOfg^LQ^aiLT*>A>, Jg?&FTSPDB$r 
ffl<. %<rrtk. XYXf- i''3 4 5:ia7 4'-C*ffll^t6 
$tfftk. ^xvNfi&^vy-X^PLOiiTa^l^m 
JixSifctc^l.. ^^t^. ^uyXSPLIiTS 
^V^^ffib*T^DBO±^Ht2©S-t^. 
■fe > ? -7 y Ttf >-8 3 £±»£-t4"T >7X; L B 
i 0 tg<MUIWl ^x^i^^gH-ft - k 
#T-£ft. 

[0054] ^fcHSSW:: <k*Uf , d-Wl/Zf-^WHiO 
mm* & OffltfS^L B<0ittfl SrS/Hcf ft d k #"T#g 

IHfciWe**fc^fc*MM«b4. Ifite^4t0 
ll)Sfcffl<7)1ij£ok * fctt. ^xvn^-v y ^j&«T»f **» 

[00 5 5] 

m6<vmimc7)m B m wzms\$*5m<?Mz><r>mm 

&gS57c9rtram3j£3*iTi3>9. T8fl£§s7<7)± 

<0?»R8 artfcSiJaeWR 1 «l/yXi 1 a**«S 

[0056] TS*B7rt*>aiS7 aeo— aWM±. TSP 
8H 7 «DHBBfifcR Wi*ifl □ 5 «fc 0 iSSffflfflSSs 6 ^ 

ij:3t=araiL"C^4. TSP^7i*icr)«iagsmic«±ia 

7 ftcDim 7 a <50*SS#-5£ k & 5 <fc 3 £fflff LX ^ 

4. ^?t±g^S8i*i<7)>s?S8aic-o^Tt, is]«itf>iS 

[00 57] iOMfcWfcfcVVCfcL TgB^&7k±g8 
®&8*-fttlX&Wrf&Ztlz£*). *7x;\3£# 
IfttTV^. ffiCfr, ^x^3£lRgL*:TSPg3§l*]C0« 

?giin«wt;:®ra s fir ^ ft *» » auKSjat *>£*cir 

*|-C*4«»rc^r< . 'im#<OWmco$$.tLl l z£&&j}-ft 



§S 8 (Ollfc $ flfciiiS 8 a O^T, i L 
8 ft fc tc <fc 0 , ->xy N^liiB#c7)?l 

[0058] «ri***it«CtiT«»»7 k±gS£&8 
S£§3g8£E&r$-.&.rk*>T#ft. dco1S«<0i:^^ 

ft. L^oTv-^fy/fa^^Lo^T, ± 

PWm&& a L 8 i 0 t> , TS^S 7 1*1 
Vim 7 a L 7 co*-Sr-Hi-Cll< ?gfi^ft i k if 
ffiU\ 
[0059] 

k/i*^ 5t<oia l \,Z7F.Ltz£ o izimii&myt&fcr) 1 ? 
^^7* 4 X ? >-X(± 1 — 2 m mgJKt «itf)T/b$ V> 
^tf>. ^x^w^m-ft^-^-Ji^^ ■ T^^x^rj* 

t kfc. L^L=5r*^. Wt(f*ffl!iti¥4 . 8 0 1. 9 
7 7^f\ *ffl1#f*4, 3 8 3, 7 5 7-^tcra^iXT 

^ lt 7 * -a xmmmco tr- a * ^x^itcs^ lt 
>>x^^ffl£7)©$eaxiifi#&n-aa-rftTTL 
—fuyx) tt<r>7*-*xmtiitimzmixi>£ 

[0 0 60] ifc, • 77^^ 

yh-feyt-FADIi, *7 • T^^X^f^xyNW 
±^)77^^ybv-^ Sr^W^tB-Tft i><0t Lti 

P L i; LT ^x^NWicri v-^ Sr^m-rftEl 1 
WTR77'f^yH:yt-4 5<7)-fl!!lC. a^^>- 
X^P L^^^jlLT^xyNWicD^-^Jr^-rftT 
TL^crir^-f^yb-b^-kL-CtJ:^. $^>fc 
§1^1^ <&*4 0 0 nmOT) i:T*5 

^3fe-rfts»3t^*^*ii.Tv>n(±', t'cox o %mj& 
<r>m%gkW.xb ->xml< mw,zmm t#ft . 

[006 1] 

siat;*j{tft'7x-'^o— r >r y/tryn-f^ y^' 
tcX Ltz 7x/Uf - ^<o«Ba t> nfc . 

[@i] *%,w<?>m i <7^i5Sffy^ «k ft^3E^oa»^ 
$m<7>&ftttj%ffi&z*;?wx'h ft . 

[02] ^3EH3tO^-^r>-X5r^W^HB-rftfc^) 

commmxhh. 

[03 ] H 1 +Ot!»^yX»ftifitf)PP»firfllB)t**r 
gS^BrffiEr*ft. 
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5 


6 








[05] *%BJ<0^3^Hlit« 




■yh 






6 4A--+ry7° 


6 4B-i&IJlgs 


[06 ] *^BJ«0m4<0HteW:j:i,'>x^^;^-t 


6.6-ttHSiKlT6 6 


8 0— 




8 2-ZLAf-^' 




[07] #f6BJ<om5WHMG 




r try 




^3i$:*-t (A) BriBHt. 


(B) ¥ffi0-C$>&. 


8 4 A, 8 


8 5-±TiSIMWa 


[H8] **^»6«3dt«OSMf**S«*WlBB 










8 7-*A«-« 


88A. 88B--IB 














9 O—^Xyvf-v -y ? 


9 1 -s:a?L 




7 a 8 a.'--l§ki& 


9 5-T-A 


1 12-&^ 




CL / .* .s >/J>/V ^ 


1 1 3--i&«® 


1 i4-*jnft* 






I L— ^VUXHgBBfc 


A I -ga«$flg# 


■ft tx.yvi— i 


— ' j^rUJ 1 — 1 




p a.—mw^—'y 




t ...T7 — *V^' J r>f 

1— ' ✓ ^\ s S / H 


mm 




*2 4? V 




S B-jg3frST 






1 2--3>T>' H f— 


AX-3tfft 


LGa-lifSfV^X 










1 4—59— 


1 




Ep-»ffi« 






LE 1-jEU^X*-? 


P e— TIB 


1 7-l/-fTM^fA 


1 




W— >>x;\ . 




2 0— W-?;u>?/r 


SAa. SAb->-3 y bfli 










LB— MM 


3 0— ^-.X^S 


32A. 32B. 3 






2C— T??\a.X— * 








3 3- ••^-^Mt^'rA 


3 4-XYAf-y 


DB-«*KT» 


OL-ouy/ 




3 6-1816^-^ 


FAD-7*- • T74X>h-k>y-— 


4 0-±«OfflHS 


50A, 50B--ia 


MRr. MRw-fig 


ML'-fI57- 






BSr--#?Ifflb'-JU 




5 l-jf 5 1 


5 2 -ass 








5 3 A. 5 3B-3I 


S f ••••?:}-—;& 




& 









[04] [08] 
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[01] t®23 




[03] 
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WW*! 0-3 



[053 



I AX 
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32A 65 
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